Cardiovascular abnormalities, especially structural congenital heart defects, commonly occur in malformation syndromes and genetic disorders. Individuals with syndromes comprise a significant proportion of those affected with selected congenital heart defects such as complete atrioventricular canal, interrupted arch type B, supravalvar aortic stenosis, and pulmonary stenosis. As these individuals age, they contribute to the growing population of adults with special health care needs. Although most will require longterm cardiology follow-up, primary care providers, geneticists, and other specialists should be aware of (1) the type and frequency of cardiovascular abnormalities, (2) the range of clinical outcomes, and (3) guidelines for prospective management and treatment of potential complications. This article reviews fundamental genetic, cardiac, medical, and reproductive issues associated with common genetic syndromes that are frequently associated with a cardiovascular abnormality. New data are also provided about the cardiac status of adults with a 22q11.2 deletion and with Down syndrome. Genet Med 2008:10(7):469 -494.
Cardiovascular abnormalities that occur in malformation syndromes and genetic conditions may affect the heart's structure and great arteries (congenital heart defects [CHDs]), 1 muscle (cardiomyopathy), conduction system (arrhythmias, heart block), or connective tissue (aortic dilatation/dissection, mitral valve prolapse [MVP] ). Most clinical geneticists are familiar with the type, frequency, and management of CHDs when they occur in children 2 but are less knowledgeable about the clinical history and treatment options for the adult. Depending on the specific syndrome, information about morbidity and mortality may or may not be available for those with a CHD.
Considerable attention has been devoted recently to the prevalence and management of CHDs in the adult. [3] [4] [5] [6] [7] [8] [9] However, there has been little discussion about the subset of individuals whose CHD occurs in association with a syndrome or genetic disorder and who are now living longer and fuller lives, which may include childbearing. 10 Because of improved medical care, the number of adults with syndromes is a growing portion of the world's population with special health care needs. 11, 12 As many patients transition from pediatric to adult caregivers, it becomes imperative to expand the knowledge base for both geneticists, cardiologists, other specialists, and, of course, primary care practitioners.
Estimates of the prevalence of adults with syndromes and genetic disorders who have a coexisting CHD do not currently exist. Fortunately, studies on the general population (e.g., nonsyndromic) adult with a CHD provide frequency estimates from which we can extrapolate. The recent National Heart, Lung, and Blood Institute Working Group on Research in Adult Congenital Heart Disease estimated that the number of adults in the general population with "congenital heart disease" living in the year 2000 was 787,800, subdivided into 368,800 with "simple," 302,500 with "moderate" and 117,000 with conditions of "great complexity." 5 Comparable data for children were calculated to be 623,000 total, 320,000 simple, 165,000 moderate, and 138,000 highly complex conditions. Estimating the fraction with a syndrome or genetic condition is challenging, though it can be approximated from the population-based Baltimore-Washington Infant Study in which nearly 17% of infants with a CHD had an identifiable syndrome. 13 Extrapolating this frequency provides an estimate that ϳ106,000 children are currently living with a syndrome and a CHD. Additional figures for gauging the birth prevalence of infants with a CHD and a syndrome (in contrast to the incidence in adults) are available (see Botto et al. 14 , Tables 25.3, 25.6) . Thus, we believe there already are, or shortly will be, several hundred thousand adults with a genetic syndrome and a CHD in need of the specialized care as detailed below.
In addition to requiring medical care, adult women with genetic syndromes and coexisting cardiovascular abnormalities need answers to questions about fertility, childbearing, and recurrence risk. For selected syndromes (i.e., Turner syndrome, 15 Marfan syndrome 16 ), guidelines have addressed the care of the pregnant woman, but most of the syndromes in this review have not been studied to assess whether reproductive outcomes differ between adults with or without cardiovascular abnormalities.
This article reviews the spectrum of cardiovascular abnormalities, clinical history, and general cardiac care guidelines for several common malformation syndromes and genetic conditions. Geneticists and pediatric cardiologists will encounter most of these conditions during their careers, but family practitioners, internists, and adult cardiologists will meet them less frequently. Accordingly, we have provided a brief description of the clinical phenotype for the nongeneticist reader. A rich source of open access online information for selected disorders can be found at Online Mendelian Inheritance in Man, and GeneTests/GeneReviews.org. Although the classic presentation of a syndrome such as Holt-Oram syndrome (HOS) may be rare, the individual components such as an atrial septal defect, conduction heart block, or hypoplastic thumb may not be uncommon in the practice of an adult cardiologist. It is essential to establish accurate diagnosis to direct immediate and long-term clinical management, including genetic counseling. With the elucidation of the underlying genetic cause of many of these syndromes, accurate diagnosis becomes more feasible.
The emphasis of this review is on structural CHDs, with some discussion about valve dysplasia, aortic enlargement, and hypertrophic cardiomyopathy. Excluded from this review are disorders that involve primarily the conduction system (e.g., Jervell-Nielsen syndrome) or myocardium (e.g., familial hypertrophic or dilated cardiomyopathy). Table 1 presents management issues derived in most cases from evidence quality that is "expert opinion, case reports, and reasoning from first principles" rather than randomized control trials. 17, 18 It serves as a convenient single source and is not intended to be used as firm recommendations or a rigid care plan, because individual cardiologists and adult caregivers will customize the timing of follow-up and specific tests on a case-by-case basis. Certain guidelines are based on the specific CHD, irrespective of syndrome association. For example, the indications for antibiotic prophylaxis for bacterial endocarditis have decreased greatly and should be prescribed in accordance with current American Heart Association guidelines for patients with CHDs. 19 All adults should continue to maintain a heart healthy lifestyle. For the sake of completeness, Table 2 summarizes additional syndromes and conditions which are either (a) less common, (b) less likely to survive to adulthood, or (c) associated with cardiovascular abnormalities that are less distinctive.
CHROMOSOME ABNORMALITY SYNDROMES The 22q11.2 deletion
The 22q11.2 deletion (del 22q11.2) syndrome is the most commonly diagnosed chromosome deletion syndrome with an estimated prevalence between one in 4000 and one in 7000 live births. 20 -24 It is the most frequent genetic condition associated with a CHD after Down syndrome 21 and is calculated to be present in between 1.5% and 5% of children with a CHD. 22, 24, 25 Retrospectively, it has been identified in the ma- Table 1 Common management issues for adults with genetic syndromes and cardiovascular abnormalities: general information for primary care providers a Syndrome Type of heart problem (most common or distinctive) Complication: assume postoperative unless specified Adults with syndromes and cardiovascular abnormality jority of patients described clinically with DiGeorge syndrome, 25 velocardiofacial syndrome, 26 and conotruncal anomaly face syndrome, 27 and in some patients with the autosomal dominant Opitz G/BBB syndrome 28 -30 and Cayler Cardiofacial syndrome (asymmetric crying facies syndrome). 31 There is marked inter-and intrafamilial phenotypic variability though most patients have the same large (Ͼ3 Mb) deletion encompassing ϳ30 genes. A subset of patients have been identified with smaller distal deletions, an emerging phenotype that may differ from DiGeorge and velocardiofacial syndromes. 32, 33 Approximately 90% of deletions occur as a de novo event, but an affected individual has a 50% recurrence risk for each offspring, as in other contiguous gene deletion syndromes. Unlike the early reports of patients with DiGeorge syndrome, the current mortality rate is low (4%) primarily clustering in infancy (e.g., median age of death at 4 months). 34 As a consequence of increased awareness and readily available diagnostic testing, as well as improved survival, the prevalence of diagnosed cases of this disorder is likely to increase. Studies will be needed to determine if life expectancy, notwithstanding significant multisystem morbidity in some patients, is similar to other adults with CHDs in the general population. In addition to CHDs, features of this disorder are protean and can include characteristic facial features in childhood (narrow palpebral fissures, "hooded" eyelids, prominent nasal root, full nasal tip, overfolded or squared off external ears, small mouth and chin), immunodeficiency, hypocalcemia, palate anomalies, 34 gastrointestinal and feeding disorders, speech and learning disabilities, and behavioral and psychiatric disorders. Other findings include skeletal, renal, and genitourinary anomalies, and endocrinologic issues. Infants often have significant feeding disorders with failure to thrive, whereas older children often experience substantial challenges in school with behavioral problems such as attention deficit/hyperactivity disorder or autism spectrum disorders. Adults can have recurrent respiratory tract infections, autoimmune disorders, and psychiatric disorders including schizophrenia (Figs. 1 and 2). 35, 36 Hypocalcemia due to hypoparathyroidism often presents in the newborn, usually resolves in the first year of life, but may recur or occur later in childhood or adulthood. 34 
Cardiovascular abnormalities during childhood
Congenital heart defects occur in approximately 75% of individuals with the 22q11.2 deletion, 23, 34, 37 reflecting what may be an ascertainment bias toward those who present early in life with CHDs. 38, 39 A subset of conotruncal defects are particularly common in the 22q11.2 deletion syndrome, such as tetralogy of Fallot (including the common form with valvar pulmonary stenosis and the less common varieties with absent pulmonary valve or pulmonary valve atresia with major aortopulmonary collateral arteries), interrupted aortic arch (IAA) type B, truncus arteriosus, ventricular septal defect (VSD) (typically conventricular or membranous, rather than atrioventricular canal-type or muscular), and aortic arch anomalies. In contrast, very few patients with a 22q11.2 deletion have double-outlet right ventricle or D-transposition of the great arteries. A variety of other CHDs have been seen in conjunction with a 22q11.2 deletion, including atrial septal defect, complete atrioventricular canal, patent ductus arteriosus, bicuspid aortic valve, hypoplastic left heart syndrome, and heterotaxy. 24, 34, 37 Conversely, a significant number of patients with particular types of conotruncal and related CHDs are found to have a 22q11.2 deletion. Several reports have estimated that 50 -80% of patients with an IAA type B, 40% of patients with truncus arteriosus, 15% of patients with tetralogy of Fallot (grouping all types together), 10% of patients with a conoventricular VSD and 24% of patients with an isolated aortic arch anomaly (with normal intracardiac anatomy) have a 22q11 deletion. 40 -42 Regardless of intracardiac anatomy, patients with an aortic arch anomaly (such as a cervical arch, right-sided arch or abnormal origin of the subclavian artery) are at higher risk of having a 22q11 deletion than those with completely normal aortic arch sidedness and branching pattern. 43 Most infants with a 22q11.2 deletion with a conotruncal defect or large VSD will undergo cardiac surgery within the first year of life. Postoperative complications following repair for IAA type B include recoarctation of the aorta and/or recurrent obstruction to flow across the left ventricular outflow tract. Patients with a complete repair for truncus arteriosus can develop truncal valve stenosis or regurgitation, which may require surgical reintervention. These patients also commonly require surgical revision of the conduit placed from the right ventricle to the branch pulmonary arteries and may require interventional cardiac catheterization to reduce branch pulmonary artery stenosis. Patients with tetralogy of Fallot may have similar complications as those with truncus arteriosus due to recurrent right-sided obstruction, and those whose repair included a transannular patch will develop pulmonary insufficiency, leading to right ventricular dilation and dysfunction. This subset of patients with tetralogy of Fallot may re- quire pulmonary valve replacement. 43 Surgical intervention is significantly more challenging when the pulmonary arteries are critically small, and/or when the blood supply to the lungs is derived in large part from aortopulmonary collaterals, which are both more likely to occur with the 22q11.2 deletion. 44 Few studies have evaluated whether the immediate surgical or long-term clinical outcomes differ between those cardiac patients with and those without a 22q11.2 deletion. Mahle and colleagues 45 reported that patients with tetralogy of Fallot/pulmonary atresia and a 22q11.2 deletion had a substantially lower rate of 5-year survival (36%) than those without a 22q11.2 deletion (90%). Likewise, Anaclerio and colleagues 46 reported a higher risk of surgical mortality in patients with a 22q11.2 deletion and either tetralogy of Fallot/pulmonary atresia or IAA type B as compared with nonsyndromic patients but also noted no difference in 10-year actuarial survival between those with and without a 22q11.2 deletion in a cohort with "classic" tetralogy of Fallot. 47 Therefore, immediate and longterm surgical survival may differ between deleted and nondeleted patients in specific cardiac subsets, although further studies are required, particularly to address questions of morbidity rather than mortality alone.
Cardiovascular abnormalities in adulthood
Several studies have reported on adults with the 22q11.2 deletion syndrome 34 -38,48 -50 though some of these patients were identified only after the diagnosis of an affected child. This subset may represent the less severe end of CHD spectrum. Table 3 provides data on the presence, type, and frequency of CHDs in 132 adults with the 22q11.2 deletion followed at The Children's Hospital of Philadelphia. Nearly half of the cohort has either no overt cardiovascular involvement (41%) or minimal cardiovascular manifestations that have not required surgical intervention (9%), although the remainder has conotruncal, septal, and aortic arch malformations typical of the 22q11.2 deletion syndrome.
Adults with a conotruncal defect and the 22q11.2 deletion syndrome whose CHD was repaired in childhood are likely to have postoperative complications similar to their nonsyndromic counterparts. The right ventricular to pulmonary artery conduits may require treatment for both pulmonary regurgitation and valvar stenosis. Individuals who had repair of an IAA may have recoarctation of the reconstructed aortic arch, but this is less likely in later years as an adult than in the first postoperative year. Residual or acquired left ventricular outflow obstruction at the level of the aortic valve, truncal valve, or subaortic region may develop. 41, 51 In addition to structural and functional residua, tetralogy of Fallot is frequently associated with postoperative atrial and ventricular tachyarrhythmia. 48, 52, 53 These patients should have long-term follow-up with a cardiologist familiar with congenital heart disease. It is not known whether patients with a 22q11.2 deletion are at greater risk than the general population for essential hypertension, atherosclerosis, coronary artery disease, stroke, thromoboembolic events, or cardiomyopathy, and a heart-healthy lifestyle with appropriate aerobic exercise and diet is clearly warranted.
Strong consideration should be given to obtaining genetic testing in an adult with a CHD typical of the 22q11.1 deletion syndrome given the implications for recurrence in offspring.
Testing the adult with a newly diagnosed CHD typical of the 
Pregnancy-related cardiovascular issues
There are very little data on pregnancy in women with a 22q11.2 deletion. Their pregnancy-related personal medical risks are based on their own medical condition, with particular emphasis on the type of CHD and residual cardiovascular hemodynamic changes. Other factors that might affect pregnancy-related risks include asthma, autoimmune disease, and renal function. An affected parent has a 50% recurrence risk with each pregnancy, and 75% of affected fetuses are thought to be at risk for having a CHD. Prenatal ultrasonographic clues to the diagnosis of a 22q11.2 deletion include polyhydramnios, cleft palate, structural renal abnormalities; less commonly noted anomalies include, cleft lip and palate, polydactyly, myelomeningocele, and congenital diaphragmatic hernia. 20, 42, 54, 55 
Down syndrome
Approximately 95% of patients with Down syndrome have complete trisomy 21, in which there is an extra copy of chromosome 21. In rare cases, partial trisomy of chromosome 21 is present because of a chromosomal translocation or mosaicism. The latest national live birth prevalence estimate for Down syndrome (1999 -2001), adjusted for maternal age, is 1.36 per 1000 (about 5500 per year). 56 Overall survival has improved, though prenatally diagnosed CHDs and/or intrauterine growth retardation predict a worse outcome. 57 Populationbased data from the United States demonstrate that the median age at death increased from 25 to 49 years in the interval between 1983 to 1997. 58 A recent analysis from Australia suggests that individuals with Down syndrome may be expected to have a lifespan similar to the general population within the next generation, 59 although additional data are needed to determine if this optimistic view is accurate worldwide.
The well-known facial appearance of Down syndrome varies with ethnic background and changes over time (Fig. 3) . Frequent features include microbrachycephaly, sparse hair, midfacial hypoplasia, with small nose, eyes, ears, and a protruding tongue. The eyes tend to slant upwards and have epicanthal folds, with Brushfield spots on the irides. Also common are single transverse palmar creases, fifth finger clinodactyly, brachydactyly, a gap between first and second toes, atlantoaxial instability, a hypoplastic pelvis, and joint laxity. Neurodevelopmental challenges include hypotonia, developmental delay, moderate mental retardation, visual impairment, and hearing loss. 60 Structural and functional anomalies of the gastrointestinal and genitourinary systems are common, as are hematologic disorders. 60 
Cardiovascular abnormalities during childhood
Depending on study design, approximately half of Down syndrome individuals are found to have a CHD, 61,62 60% of whom have some type of an atrioventricular canal defect. Typically, there is a complete atrioventricular canal defect or primum type atrial septal defect (usually with a cleft mitral valve), and less commonly, a canal-type VSD or transitional atrioventricular canal. Additional CHDs may include an atrial septal defect, VSD, patent ductus arteriosus, tetralogy of Fallot, or double-outlet right ventricle. Congenital heart defects with hemodynamically significant shunts are generally treated aggressively and repaired surgically in infancy. 63 A slightly higher perioperative and late cardiac mortality in patients with Down syndrome and complete atrioventricular canal defect has been observed, although the outcome for other CHDs was similar to children without Down syndrome. 64, 65 Currently, similar surgical options are offered to both Down syndrome and non-Down syndrome individuals, and reassuringly comparable postoperative complications have been observed. Postoperative issues include residual atrial or ventricular-level shunts, and more commonly, varying degrees of incompetence of the atrioventricular valve. 65 Additional injury (or congenital dysfunction) to the atrioventricular node may be associated with variable heart block and dysrhythmias.
Cardiovascular abnormalities in adulthood
Considering it is such a common syndrome, there are a surprising lack of primary data about Down syndrome adults with a CHD. Depending on the underlying defect, some adults with Down syndrome may have a residual shunt at the atrial or ventricular level, atrioventricular valve regurgitation or, less commonly, stenosis of the surgically corrected valve. A characteristic complication of partial atrioventricular canal repair is left ventricular outflow tract obstruction in which the subaortic obstruction has the angiographic appearance of an elongated "gooseneck" deformity. 63 In addition to these hemodynamic residua, there may be progressive heart block. In some individuals, bradycardia which may have been previously tolerated leads to exercise intolerance if the nodal heart rate decreases. In contrast to these postoperative cardiac issues, clinicians may infrequently encounter the Down syndrome individual with an unrepaired CHD, either diagnosed late or untreated for other reasons. These older individuals may have Eisenmenger syndrome with progressive cyanosis, pulmonary hypertension, subacute bacterial endocarditis, and stroke.
Most reviews about Down syndrome have discussed cardiac issues in childhood without specifying the type and frequency of potential adult cardiac problems, or making specific recommendations regarding cardiology follow-up into adulthood. 60, 66, 67 Several reports identified an increased risk of MVP (45%), increased echogenicity of the mitral valve and aortic regurgitation in Down syndrome adults without previous history of CHD. 68 -71 Less commonly noted are aortic regurgitation or tricuspid valve prolapse. Previously, the occurrence of valve disease and consequent need for endocarditis prophylaxis was the reason to offer echocardiography in all adults, 72 although others maintained that only abnormal auscultation should prompt referral. 73 However, the current American Heart Association scientific statement for typical MVP does not include a recommendation for routine antibiotics before dental procedures (http://circ.ahajournals.org). 19 Thus, routine echocardiographic screening for adults with Down syndrome without preexisting CHD is probably not necessary. When auscultation detects abnormal findings (i.e., systolic click, murmur of valve regurgitation), or if auscultation is limited by a large body size, then echocardiography is reasonable. It can be repeated at a prudent interval, e.g., every 5 years. In summary, current evidence does not prescribe a rigid schedule for routine echocardiography in adults with Down syndrome without known CHD, although it may be indicated in individual patients. A schedule of ongoing cardiac surveillance in Down syndrome adults with CHD depends on the type of CHD and the potential for developing late complications. Table 4 provides information on 48 noninstitutionalized Down syndrome individuals aged 18 years or older followed at the National Birth Defects Center in Waltham, Massachusetts. 74 Although this is a select nonpopulation-based cohort, it provides new data reflecting individuals repaired within the last 37 years. Approximately 40% (19/48) of all adults had a CHD, which is similar to the occurrence in infants, and all but one had undergone surgical repair. The New York Heart Association 18 functional cardiac status of those with a repaired CHD was judged to be Class I in 67% (12/18), Class II in 22% (4/18), and Class III in 11% (2/18). Among the 60% (29/48) of Down syndrome adults without a CHD only a small minority (3%) had a Class II cardiac status. Consistent with previous reports, MVP was common (12/48, 25%), but 75% of these adults had no prior CHD, suggesting that MVP is a late development. None of these Down syndrome adults had a murmur despite 42% (5/12) having some degree of regurgitation documented on echocardiogram (ECG). A click was heard by the cardiologist in only 33% (4/12) and never appreciated by a noncardiologist. Among the three cases with MVP and a CHD, the nature of the CHD would not be expected to lead to mitral valve disease (i.e., two had spontaneous closure of a VSD and one had repaired double aortic arch). Because over half of the adults in this series had no CHD, and two thirds of those with a repaired CHD were functioning as NHYA I, most of the adults with Down syndrome in this series, even those with a CHD, have no clinically or hemodynamically significant cardiac disease in adulthood.
Down syndrome has been reported to be associated with a decrease in the frequency of atherosclerosis based on an autopsy series. 75 Studies of lipid analyses have failed to detect any meaningful difference in cholesterol levels. 76 There is also an intriguing observation that systemic hypertension is decreased. A decrease in PAI-1 has been noted, and a model for macroangiopathy protection has been hypothesized. 77 The relative paucity of systemic hypertension contrasts to the increased risk of pulmonary vascular hypertension in childhood. 63 
Pregnancy-related cardiovascular issues
Pregnancy is rare in women with Down syndrome, with 31 pregnancies reported in 27 women. 78 -80 The cause of the reduced childbearing is thought to be due to social issues, but there are no reports which have studied the contribution of endocrine or fertility factors. Overall, the pregnancies are described as uneventful with rare maternal complications even with the presence of CHDs. 78 In contrast, the labor and delivery were frequently complicated by fetal malpresentation, cephalopelvic disproportion and/or lack of maternal cooperation leading to interventions such as cesarean delivery, breech extraction, or forceps delivery in nearly half of the deliveries. 78 The greatest theoretical risk for an adverse cardiovascular event is for a woman with Down syndrome who has an unrepaired complete atrioventricular canal or large VSD complicated by pulmonary hypertension. These defects could be associated with either a risk of cardiopulmonary failure due to the enormous changes in fluid balance associated with pregnancy or to the possible risk of thromboembolism.
Turner syndrome
Turner syndrome refers to women with absence or structural abnormality of one of the two X chromosomes with the birth prevalence estimated as ϳ1/2000. 81 A 30-year epidemiologic trend analysis to 2001 in Denmark observed no change in incidence, but a delay in diagnosis, i.e., approximately half of all Turner syndrome women were diagnosed after their fifteenth year. Mortality was increased compared with the background population of women, specifically for coronary artery disease, malformations, and nutritional and metabolic disease. 82 The heterogeneity of karyotypes results in a spectrum of phenotypes. 45,X occurs in almost half of Turner syndrome women; less frequently, there is an isochromosome X, shortarm or long-arm deletion, or ring chromosome (see reviews by Sybert and McCauley; Bondy et al.). 83, 15 The physical appearance of a Turner syndrome individual varies enormously from a massively hydropic spontaneously aborted fetus to that of a healthy woman with short stature and subtle dysmorphic facial features (Fig. 4) . Lymphatic malformations are common and contribute to neck webbing, protruding ears, loose nuchal skin, low hairline, puffy hands and feet, and deep-set nails. 84, 85 Often noted are renal anomalies, especially horseshoe kidney, nevi, widespaced nipples, short fourth metacarpals and metatarsals, cubitus valgus, Madelung deformity, knee anomalies, and osteoporosis. Chronic otitis media, conductive and sensorineural hearing loss, autoimmune diseases, type II diabetes, deficits in visual-spatial/perceptual abilities, attention deficit, and poor social skills are common (see reviews by Sybert and McCauley; Bondy et al.). 83, 15 
Cardiovascular abnormalities during childhood
The most dramatic hemodynamic alteration in Turner syndrome is severe hydrops and fetal demise. 84 Throughout the lifespan, the most common CHDs are obstructive defects of the left heart which encompass bicuspid aortic valve (approximately 15%) with/without aortic stenosis, mitral valve anomalies (Ͻ5%), coarctation of the aorta (approximately 10%), and rarely, hypoplastic left heart syndrome. 83, [85] [86] [87] Additional CHDs include partial anomalous pulmonary venous connection (13%) 88, 89 and atrial septal defect or VSD (5% each). Magnetic resonance imaging (MRI) has identified additional vascular anomalies, notably elongation of the transverse arch (almost 50%) that may be accompanied by pseudocoarctation. 88, 89 Recently, abnormalities on electrocardiogram, including prolongation of the QT interval, have been reported in girls with Turner syndrome, but the clinical implications are unclear aside from avoidance of certain drugs. 90 Surgical treatment for a CHD is usually undertaken in an infant or a young girl with Turner syndrome, although milder cases of coarctation may escape detection in childhood, or may not become clinically significant until an older age. The main postoperative residua are recoarctation of the aorta, or restenosis of the aortic valve.
Cardiovascular abnormalities in adulthood
Some women with Turner syndrome enter adulthood with unsuspected or mild aortic root dilatation, bicuspid aortic valve, and even coarctation. As a result of childhood CHDs and possible corrective surgeries, they may have postoperative aortic valve restenosis, aortic recoarctation or residual septal defect shunts. A new murmur can signify the appearance of MVP or aortic regurgitation. Because neck webbing has a strong correlation with the presence of coarctation and bicuspid aortic valve, 85 an adult woman with Turner syndrome who has a characteristically severe appearance, but is not known to have a CHD, should be carefully reevaluated to be certain that a bicuspid aortic valve and coarctation were not overlooked in childhood.
Patients with Turner syndrome and bicuspid aortic valve experience the same risks as non-Turner syndrome patients, Fig. 4 . A 22-year-old woman with Turner syndrome (45,X) who had a bicuspid aortic valve, mitral valve prolapse with mitral regurgitation and coarctation repair at age 2 1 ⁄2 years, and balloon angioplasty and stent insertion at age 20 years. She received growth hormone for almost 3 years. She selected this photo to emphasize that the appearance of many adult women with Turner syndrome is not unusual, aside from short stature (height, 5 feet 1 inch) and bears little resemblance to the images portrayed in older medical textbooks (courtesy of Angela E. Lin, MD, and family).
i.e., risk of aortic dilatation and dissection, progression to aortic stenosis, and/or regurgitation. 91 Natural history data for the rate and frequency of progression of bicuspid aortic valve to clinically significant aortic valve stenosis are not available, but are thought not to differ from the general population according to a recent consensus study group. 15 Although individuals with bicuspid aortic valve, including women with Turner syndrome, had been advised to follow recommendations for subacute bacterial endocarditis, this policy has been changed recently. 19 Aortic root dilatation, aneurysm, dissection, and rupture in Turner syndrome is well-established. [92] [93] [94] [95] [96] Early echocardiographic estimates of dilatation in ϳ10% 92 have increased to ϳ30% using magnetic resonance angiography (MRA). 95 In addition to aortic root disease, abnormalities of small bore arteries and the brachial and carotid vessels are sufficiently diffuse to suggest a vasculopathy. 97 Most cases of dissection in Turner syndrome have been associated with an underlying risk factor, e.g., bicuspid aortic valve and/or coarctation (69%), or hypertension (54%) with or without a CHD. In an exhaustive literature review of aortic dissection in Turner syndrome, the small number (11%) of reported cases with no associated risk factor were poorly documented, 96 although a few may represent the intrinsic "aortopathy" of Turner syndrome. Despite the frequent association with bicuspid aortic valve, Turner syndrome itself is an independent risk factor for aortic dilatation. 98 Compared to the Danish Registry estimate of aortic dissection (78/ 100,000), 99 a recent prospective study showed a much higher frequency of aortic dissection (618/100,000 Turner syndrome years). 95 The authors proposed that prophylactic surgical aortic intervention for Turner syndrome should not follow the traditional Marfan syndrome guideline (50 mm), but use an actual dimension of 35 mm or body surface area-adjusted diameter Ն25 mm/m 2 . To monitor the occurrence of aortic dissection, the International Turner Syndrome Dissection Registry has been established in association with the Turner Syndrome Society of the United States. 96 Whether growth hormone, which is used to treat many Turner syndrome girls for short stature, is a risk factor for cardiovascular disease will require ongoing clinical history studies. No reports have shown a clearcut deleterious impact. Several provide reassurance when left ventricular dimensions and/or aortic dimensions (among other measurements) have been analyzed. 15,100 -102 Half of Turner syndrome women have hypertension. 92, 103 Careful auscultation and lifelong blood pressure monitoring are essential, and for women who have had coarctation repair, the blood pressure cuff should be placed on the right arm. A variety of electrocardiographic and repolarization abnormalities have been reported which seem to expand the spectrum of cardiac involvement in Turner syndrome. 104 Their clinical impact is not clear because these electrocardiographic abnormalities have not been correlated to clinical arrhythmias; prudence is advised when using drugs that have the potential to prolong the QTc interval. The lipid profile in women with Turner syndrome can be considered atherogenic because there is an elevation of low-density lipoprotein cholesterol and triglycerides, and a reduction in lipid particle size. 105, 106 Whether coronary artery disease is increased in Turner syndrome, independent of familial or nutritional factors, has not been determined. Two women younger than age 50 years have required coronary artery bypass grafting. 91, 107 The clinical phenotype of Turner syndrome may be mild and escape detection in childhood, so that undiagnosed women can present with reproductive endocrine symptoms such as menstrual "irregularity" or infertility. If the diagnosis is first established during adulthood, clinicians are reminded to obtain a comprehensive cardiology consultation with imaging of the aorta. Although this can be accomplished with high resolution echocardiography, recent guidelines encourage MRI/ MRA. 15 The aorta should be imaged at 5-10 year intervals depending on aortic dimension, activity level, and other health issues, under the guidance of the primary care provider and/or cardiologist. Blood pressure should be monitored frequently and may require nocturnal monitoring to detect elevations that have been observed. 103 Hypertension should be treated aggressively. Although recommendations for a specific antihypertensive medication based on results of treatment trials are not available, beta-adrenergic receptor blockade is often selected if there is resting tachycardia, and because it is generally well-tolerated. 15 The empiric use of beta-blockade for aortic dilatation in Turner syndrome has not been subjected to rigorous study. With the ongoing clinical trial using losartan to treat aortic disease in Marfan syndrome, there is optimism that the molecular insights might be applied to the study of aortic dissection in other syndromes, including Turner syndrome. 95, 108 Whether it is necessary to obtain periodic ECGs has not been determined. 15, 104 General lifestyle guidelines for older individuals with Turner syndrome have been modeled after the advice given to those with Marfan syndrome. 15 These include an awareness that chest pain may have a significance which is not benign, avoidance of collision contact sports, promotion of regular moderate aerobic activity, discouraging highly competitive sports, and very strenuous or isometric exercises. The latter are wellestablished risk factors for vulnerable aortas. Eligibility for competitive sports should be determined by a cardiologist after a comprehensive cardiac evaluation that includes recent MRI of the aorta. 15 
Pregnancy-related cardiovascular issues
Spontaneous pregnancy is rare among Turner syndrome women, but with the availability of assisted reproductive techniques, pregnancy is increasingly pursued. Although pregnancy had not been reported to have serious cardiac risks, a recent survey of Turner syndrome women seeking assisted reproductive technology has alerted specialists about deaths associated with aortic dissection. 95, 109 Potential childbearing should be done in the context of promoting aortic "health." Dissection is a rare event overall, but potentially lethal when it does occur. As in the nongravid Turner syndrome woman, the risk of aortic dissection seems greater in women with bicuspid aortic valve, coarctation, and hypertension. This risk may not Adults with syndromes and cardiovascular abnormality be widely appreciated because reviews of pregnancy risks in nonsyndromic women have not included women with Turner syndrome as vulnerable patients. 110, 111 To identify Turner syndrome women with aortic dilatation who may have increased risk for dissection during the dramatic hemodynamic changes of pregnancy, high quality imaging of the aorta is advised using MRI to supplement echocardiography. 15 A specific monitoring schedule is not available, but a prudent strategy would include consultation and imaging studies done before, during, and after delivery with the support of a multidisciplinary team. In one series reporting pregnancy outcome of women with CHDs, a Turner syndrome woman who had a repair for coarctation of the aorta developed preeclampsia with hemolysis elevated liver enzymes and low platelets syndrome. 7 Williams-Beuren syndrome Individuals with Williams-Beuren syndrome (WBS) display a unique pattern of physical, cognitive, and behavioral problems. The most characteristic noncardiac findings include distinctive dysmorphic facial features (Fig. 5) , short stature, musculoskeletal abnormalities including spinal curvature and joint contractures, microdontia, and endocrine abnormalities such as hypercalcemia, hypothyroidism, and abnormal glucose metabolism. [112] [113] [114] Other common medical problems are tremor, urinary frequency, and recurring abdominal pain variously related to gastroesophageal reflux, chronic constipation, and diverticulitis (the result of infected colonic diverticuli). Intellectual disability is universal in WBS, and although the average IQ is 59 (mild mental retardation), there is a wide range that include individuals with low normal intelligence. Adults typically have better skills in socialization than in daily living. 115 The WBS behavioral phenotype is characterized by impulsivity, attention deficit disorder, overfriendliness, and anxiety that often includes specific phobias such as fear of medical procedures. 116, 117 As many as 1/10,000 individuals have WBS. 118 It is caused by a microdeletion of ϳ1.5 million DNA base pairs located on chromosome 7q [del (7)(q11.23)]. This deletion is associated with loss of about two dozen genes, including the gene Elastin. 119 It is loss of the elastin gene, resulting in decreased synthesis of the elastin protein, which causes the generalized arteriopathy spectrum of cardiovascular abnormalities seen in WBS. Other common problems due to elastin deficiency in WBS include hoarse voice, inguinal hernia, bowel diverticuli, bladder diverticuli, and possibly some of the characteristic facial features. Deletion of additional genes, such as CYLN2, GTF2I, and GTF2IRD1, cause the remaining features of WBS though genotype-phenotype correlations are not well established. As with the other microdeletion syndrome already presented, i.e., chromosome 22q11.2 deletion, most deletions are de novo, but an affected individual has a 50% risk of transmitting the disorder to each of his/her offspring. 113 
Cardiovascular abnormalities during childhood
Supravalvar aortic stenosis (SVAS) is the most frequent cardiovascular abnormality, diagnosed in up to 75% of patients. 120 Other vascular stenoses are also commonly observed, and any medium to large-sized artery may be narrowed due to medial hypertrophy. Narrowing is most commonly noted at arterial origins and can result in bruits, diminished peripheral pulses, hypertension (renal arteries), contribute to abdominal pain (mesenteric artery stenoses), or result in myocardial infarction (coronary arteries). 121 Approximately half of infants with WBS have obstruction involving the pulmonary arterial tree (either peripheral, valvar or supravalvar pulmonary stenosis) that usually resolves within the first year of life without medical or surgical intervention, especially if mild. Severe SVAS leads to cardiac hypertrophy, heart failure, and death if not treated surgically. Other potentially serious complications during childhood include idiopathic hypertension found in ϳ50%, diffuse aortic hypoplasia (10 -20%) and renovascular stenosis (5-10%). Stroke and sudden death are rarely reported in children. [121] [122] [123] [124] [125] Structural intracardiac defects, such as VSD and atrial septal defect, are reported in ϳ10%. MVP also occurs in ϳ10% of children, although echocardiography found mitral valve anomalies in 41% (12/29) in one small series. 126 Stenosis involving the ascending aorta, the descending aorta or its branches does not generally respond to balloon dilatation, and, if clinically significant, requires surgical intervention. Branch pulmonary stenoses that do not resolve spontaneously or are sufficiently severe to cause right ventricular hypertrophy can be treated with balloon dilatation and stenting, though complications such as aneurysm and rupture have been reported and the hemodynamic response can be modest.
Cardiovascular abnormalities during adulthood
The natural history of elastin arteriopathy requires that individuals with WBS receive regular and careful assessment of their cardiovascular system (Fig. 5) . Vascular stenoses continue to be the most prevalent cardiovascular abnormalities among adults. Although the distribution and degree of cardiovascular involvement remains stable in the majority, stenosis can develop or progress to become clinically relevant in any artery. Across the lifespan, 25-30% of individuals with WBS will require surgical correction of their cardiovascular disease, most commonly in childhood. 127, 128 Surgery for restenosis of SVAS is more likely in individuals with concomitant descending aorta stenosis or diffuse aortic hypoplasia. 127 MVP can progress in adults, necessitating valve replacement. 128, 129 As in childhood, idiopathic hypertension is frequent and if new in onset, should prompt baseline noninvasive imaging to evaluate for a renovascular etiology. SVAS can result in elevated blood pressure readings on the right arm secondary to the Coanda effect 130 ; therefore, the blood pressure should be measured bilaterally. Typically, the hypertension in WBS responds to standard antihypertensive therapy when it is not related to renal artery stenosis. No preferred antihypertensive treatment has been identified to date so that choice of medication is dictated by efficacy and tolerability. Stroke has been reported in adults with WBS, though it is fairly rare. 131, 132 Stenosis of the coronary ostia has been documented by angiography in children with WBS 128 and can be caused by the typical medial hyperplasia or obstruction secondary to aberrant dysplastic aortic valve leaflets. Coronary artery stenosis has been implicated as one of the causes of sudden death in both children and adults; the absolute risk of this potential complication seems low though the relative risk has been suggested to be 25-100 fold greater in individuals with WBS than the general population. 133 Monitoring for coronary artery disease can be difficult as WBS adults fatigue easily and are often unable to perform standard stress exercise-based tests. 134 Whether the adult with WBS is at especially high risk for coronary artery disease, given the potential for coronary artery involvement as part of the underlying elastin arteriopathy, plus development of age-related atherosclerosis, deserves further study.
Cases of sudden death in relation to exposure to anesthesia have also been reported, though it is unclear if increased risk is due to anesthesia itself or underlying cardiovascular disease. No systematic study has been performed in adults with WBS, but in a series of children undergoing procedures requiring anesthesia, the presence of pulmonary hypertension increased the relative risk of an adverse anesthesia-related event though the absolute risk was Ͻ2%. 123 Careful studies in adults, including documentation of coronary artery patency, are required before risk estimates are available for adults.
Pregnancy-related cardiovascular issues
Pregnant women with WBS are high risk pregnancies, especially if they have preexisting hemodynamically significant vascular stenoses. They should be monitored carefully for the development of pregnancy-induced hypertension, arrhythmias, or potentially even heart failure. Premature delivery and growth retardation of the fetus have been reported, and because urinary tract infections may contribute to the former and are a known complication of WBS, regular urinalyses should be performed in late gestation. The number of carefully documented WBS pregnancy cases is small, but an increased frequency of non-WBS adverse outcomes is suggested. Thus, careful ultrasound and genetic monitoring of the fetus, above and beyond screening for inheritance of WBS, are indicated. 135, 136 
MENDELIAN SYNDROMES Marfan syndrome
The Marfan syndrome is a heritable disorder of connective tissue caused by mutations in the gene that encodes the large, extracellular matrix glycoprotein, fibrillin-1 (FBN1), on chromosome 15q21. 137 People who are heterozygous for mutations in FBN1 usually have Marfan syndrome (more than 600 different mutations have been described), but they may also have one of the many conditions that phenotypically overlap with Marfan syndrome. 137 However, Marfan syndrome remains a clinical diagnosis by using the "Ghent criteria" (or their modified form in preparation). 138 Molecular analysis has a role, since the diagnostic criteria in an individual with borderline clinical features can be fulfilled when a FBN1 mutation is detected, or when linkage to a classically affected first degree relative is shown. Molecular testing is also useful when the differential diagnosis includes Loeys-Dietz syndrome (LDS) and other disorders of transforming growth factor-beta receptors (TGFBR). For cases in which prenatal or presymptomatic testing of other family members is desired, molecular testing of the proband is necessary to determine if there is an identifiable FBN1 mutation. If molecular testing identifies a pathogenic FBN1 mutation, then prenatal testing or presymptomatic diagnosis can be offered. The prevalence of Marfan syndrome is estimated at ϳ1 per 5000 individuals, regardless of ethnicity. While intrafamilial variability is considerable, penetrance is very high, provided sufficient attention is directed to assessing the phenotype. Because Marfan syndrome is autosomal dominant, men and women are equally affected, and affected individuals have a 50% chance of having an affected child each time they conceive.
Multiple organ systems are affected to some degree in Marfan syndrome, in large part because FBN1 is the major constituent of the extracellular microfibril found in most connective tissues. Organs with the greatest importance as diagnostic criteria and as medical problems are the musculoskeletal, ocular, cardiovascular, and pulmonary systems, and the abdominal viscera. 138, 139 Understanding the pathogenesis of Marfan syndrome has improved dramatically in the past few years. Rather than being due to "weak" connective tissue, most of the phenotypic features are now clearly caused by over expression of TGF␤. Mutant fibrillin has impaired ability to keep the latent TGF␤ complex in the inactive form. 140 -142 
Cardiovascular abnormalities during childhood
Most people with Marfan syndrome have cardiovascular involvement. 137, 143 The feature most likely to cause clinical problems in childhood is mitral regurgitation due to severe prolapse. 144 Some infants with severe Marfan syndrome have congestive heart failure due to mitral regurgitation; the venAdults with syndromes and cardiovascular abnormality tricular dysfunction may be out of proportion to the magnitude of the leakage, suggesting a primary cardiomyopathy. Mitral valve repair may be necessary in childhood. While the aortic root may be dilated in childhood, severe aortic regurgitation is uncommon. Likewise, aortic dissection is uncommon before adolescence. Indeed, dissection of the aorta or one of its branches in childhood should prompt consideration of an alternative diagnosis, such as LDS. 145 In Marfan syndrome, the aortic root may be dilated at birth or exceed the upper limit of normal diameter later in childhood or adolescence. 146 The rate of change of the diameter depends on both growth (which is predictable, based on body surface area) 147 and pathologic dilatation. Treatment with betaadrenergic blockade, at a dose sufficient to produce both a negative chronotropic and inotropic effect, reduces the rate of dilatation and reduces the risk of dissection. 148, 149 
Cardiovascular abnormalities in adulthood
The best study of the natural history of Marfan syndrome showed that life expectancy is reduced, on average, by onethird. 149 However, death can occur at any age. In the time before modern diagnostic and therapeutic advances, over 90% of deaths in Marfan syndrome were due to a cardiovascular complication.
Progressive dilatation of the main pulmonary artery rarely leads to clinically important pulmonic regurgitation and almost never leads to dissection. 137 In contrast, progressive dilatation of the aortic sinuses of Valsalva leads to stretching of the commissures at the sinotubular junction and central aortic regurgitation; the larger the root, the greater the leakage. The relationship between the risk of a type A dissection (arising from the ascending aorta) and the aortic root diameter in Marfan syndrome is less predictable than the relationship with type B dissection (distal to the left subclavian). Clearly, the larger the diameter, the greater the risk. 150 However, some patients suffer dissection at a modest degree of root dilatation (45-55 mm) . This risk tends to track in families, which leads to the recommendation to perform prophylactic aortic surgery at a smaller diameter than usual when a relative with Marfan syndrome has suffered a type A dissection.
The surgical management of the aorta in Marfan syndrome has evolved tremendously over the past 30 years, beginning with the widespread adoption of the composite graft technique in the mid-1970s. 151 The implantation of an artificial valve in the end of a woven conduit, with reimplantation of the coronary arteries, remains the gold standard today. The combination of beta-adrenergic blockade, restriction from strenuous physical activity, replacement or repair of a severely leaking mitral valve, and prophylactic aortic repair has markedly improved life-expectancy in Marfan syndrome. 152 By the mid1990s, average survival was approaching 70 years, and there has undoubtedly been further improvement over the past decade.
While the composite graft repair of the aortic root remains the standard, and is usually necessary in the face of an acute type A dissection, several techniques for repairing the aneurysm that preserve the native aortic valve have emerged. The preferred method is the "reimplantation" technique. 153, 154 Valve-sparing can only be done when the leaflets are not stretched markedly or fenestrated. This necessitates performing the repair before the sinotubular junction dilates, so the indication for surgery has evolved to a maximal dimension of approximately 45-50 mm (at any location) in an adult. Because long-term results of valve-sparing operations are not yet available, the National Marfan Foundation has established a registry that is accumulating experience (www.marfan.org).
The adult with Marfan syndrome needs to be managed aggressively and regularly from the cardiovascular perspective. For a patient who has had prophylactic aortic root repair, imaging of the entire aorta by CT or MRI should be performed every 1 to 2 years. A patient who has a dissection with a residual false lumen may require more frequent imaging. Indications for repair of a chronic dissection include extension, decreased blood flow to a branch artery, or progressive expansion of a dissected aneurysm. At the present time, endolumenal repair with a stent is not recommended. Adults should also have periodic echocardiography to follow the function of valves and myocardium. Chronic beta-blockade, in addition to whatever medications are needed to keep blood pressure well within the normal range, should be used. The angiotensin receptorblocker, losartan, has the added effect of interfering with TGF␤ activity. Treatment with losartan of mice with Marfan syndrome prevents (if the drug is started at birth) or reverses aortic wall pathology and dilatation. 142 A human clinical trial comparing losartan with atenolol is now underway. 155 The natural history of the arterial tree in adults with Marfan syndrome remains to be defined. Unanswered is whether older adults will be more prone to the inflammatory aneurysms that typically occur in the abdominal aorta in the general population. Certainly this risk can be reduced by controlling blood pressure, avoiding smoking, and monitoring other risk factors for atherosclerosis. Although the focus is typically the ascending aorta, Type B dissections represent about ten percent of all dissections in Marfan syndrome, and usually occur in the undilated postductal region. Ongoing research is needed to define the frequency of branch artery dilatation, aneurysm, or dissection in Marfan syndrome. Currently, their presence in an individual should prompt review of the Marfan syndrome diagnosis, with consideration instead of one of the arteriopathies associated with mutations in TGFBR1 or TGFBR2. 145, 156 
Pregnancy-related cardiovascular issues
Many case reports document that women with Marfan syndrome can suffer aortic dissection during the third trimester of pregnancy, during parturition, and during the 6 months postpartum. However, type A dissection usually occurs in the setting of preexisting dilatation of the aortic root. 137 The relative risk of dissection in Marfan syndrome women who have an aortic root diameter of Ͻ40 mm is greater than in women who do not have Marfan syndrome, but fortunately the absolute risk of dissection is low so that pregnancy and delivery are usually uncomplicated from the cardiovascular perspective. 157 Type B dissection can occur when the aortic root is not dilated.
Women who have a maximal aortic root diameter Ͼ40 mm should avoid pregnancy, or have a valve-sparing aortic root repair (if feasible) performed first as a mechanical aortic valve requires life-long anticoagulation with warfarin, which carries a risk of teratogenesis. In some women with Marfan syndrome, pregnancy will be complicated by mitral regurgitation or chronic dysrhythmia. Protection of the aortic root with a betaadrenergic blocking drug, especially in the later stages of pregnancy and postpartum, is important. All pregnancies should be considered "high-risk" and monitored appropriately. Delivery should be by whatever approach results in the least cardiovascular stress on the aorta. Because of rapid shifts in blood volume, cesarean section should be employed only when necessary for obstetric reasons; the route of delivery can be decided by the obstetrician and anesthesiologist as delivery approaches.
Disorders of the TGF-␤ receptors (Loeys-Dietz syndrome and others)
Patients with a wide variety of phenotypes, but sharing a propensity to dilatation and dissection of larger arteries at any age, may have mutations in either of two genes encoding cellsurface receptors for TGF-␤ (TGFBR1 and TGFBR2). The most striking phenotype has been termed LDS. 145 Patients have craniofacial abnormalities including cleft palate, bifid uvula and craniosynostosis, aneurysms of the aorta or its branches, arterial tortuosity, arachnodactyly, and dural ectasia. Importantly, they do not have ectopia lentis and typically do not have tall stature. At the other end of the spectrum are families that are prone to aneurysms, but have few other features. 158 In between are patients who show partial overlap with the vascular form of Ehlers-Danlos syndrome and with Marfan syndrome, but have insufficient features to meet the Ghent criteria. 159 -161 
Cardiovascular abnormalities during childhood
Anyone with a mutation in TGFBR1 or TGFBR2 should be evaluated and managed based on a propensity for arterial dilatation and dissection at an early age. Aortic dilation has been identified in fetal life in LDS. 162 Echocardiography alone is insufficient to diagnose and follow arterial pathology, and thus, MRI/MRA should be used as needed. 163 
Cardiovascular abnormalities during adulthood
Any patient previously diagnosed with Marfan syndrome who has had particularly aggressive aneurysms in multiple sites, with or without dissection, should be considered for molecular testing and a revised diagnosis, especially if ectopia lentis is absent. 164 Surgery of blood vessels does not seem to be complicated by the vascular fragility seen in vascular EhlersDanlos syndrome. As a result, prophylactic aortic root repair, and repair of other aneurysms, can be undertaken with confidence. 165 However, the criteria used for recommending prophylactic repair in Marfan syndrome should not be used; rather, repair should be undertaken at a smaller diameter (40 mm, instead of 50 mm, in the adult). 156 Whether medical therapy with ␤-adrenergic blocking drugs or angiotensin receptor blocking drugs will delay dilatation or prevent dissection has not been tested. In the absence of controlled trials, the use of either or both classes of medications seems warranted.
Pregnancy-related cardiovascular issues
Although prospective studies of pregnancy outcome have not yet been done, the cardiac risk for severe pregnancy complications seems to be greater for LDS than for Marfan syndrome, and also includes uterine rupture and bleeding. In the initial description of the disorder, half of the 12 women had either aortic dissection, uterine rupture or uterine hemorrhage during pregnancy or in the postpartum period. 145 Women who carry the gene for a TGFBR disorder should be advised of the pregnancy risk, and followed using the clinical care model for Marfan syndrome. As outlined above, this includes imaging the aorta preconceptually when possible, during pregnancy and after delivery.
Hereditary hemorrhagic telangiectasia
This autosomal dominant disorder is due to defects in vascular development that result in abnormal connections between the arterial and venous circulations. 166 Absence of capillaries between small arterioles and venules results in punctate telangiectases anywhere in the body, but typically on mucosal surfaces (nose, lips, gut) and skin (digits, face). In certain organs, arteriovenous malformations (AVM), or abnormal connections between larger arteries and veins, develop. Mutations in three disease genes (ENG, ALK1, SMAD4) have been identified to date for which clinical molecular testing is available. 167, 168 Studies point to at least two additional disease genes that have yet to be defined. Therefore, hereditary hemorrhagic telangiectasia (HHT) is genetically heterogeneous. A correlation between genotype and phenotype is not well established at this time.
Cardiovascular abnormalities during childhood
All of the vascular abnormalities worsen with time. For example, the mucosal and skin telangiectases may not be present or detectable in children, whereas they will be apparent in all adults. 169 The major concern is the development and/or progression of cerebral, spinal, or pulmonary AVM. If a parent is affected, a child has a 50% risk of inheriting HHT. The initial evaluation of any patient with suspected HHT should include a complete physical examination and detailed family history. Contrast echocardiography should be done to look for late passage of contrast into the left side of the heart, which suggests a shunt at the level of the lungs. In addition, contrast MRI of the brain should be done to identify occult cerebral abscess and large vascular malformations. If a person is known to have a pulmonary shunt, then high-resolution CT scanning with contrast should be performed to identify the number, size, and location of AVMs. This scan can include the liver if evidence of hepatic AVMs is important to establish the diagnosis, or if the patient has a bruit over the right upper quadrant. Molecular testing of ENG, ALK1 and SMAD4 will detect a mutation in about 75-80% of patients who satisfy clinical criteria for HHT. Establishing the mutation is especially useful for screening relatives.
Adults with syndromes and cardiovascular abnormality
If a child has HHT, or continues to be suspected of having it, and the contrast echocardiogram is negative, it should be repeated in 5 years. If the CT scan does not reveal a pulmonary AVM, it should also be repeated in 5 years. Of note, the rate and timing of growth of pulmonary AVMs in children is not well documented. These recommendations serve as current guidelines for initial evaluation, but may need to be revised as more data become available.
Occasionally, a child with HHT will have one or more pulmonary AVMs that cause hypoxemia, pulmonary hypertension, or high-output cardiac failure. A pulmonary AVM can also be a conduit for a paradoxical embolism of either clot or bacteria to the systemic circulation. In all of these circumstances, occlusion of the pulmonary AVMs is an urgent matter. Most can be closed by an interventional radiologist using metal coils. Any pulmonary AVM with a feeding artery Ͼ1 mm diameter should be occluded, if it can be reached by a catheter. 170 
Cardiovascular abnormalities during adulthood
Typically, pulmonary AVMs develop during adolescence and young adulthood. When one or more pulmonary AVMs are large, clinically important dyspnea and cyanosis can be the symptom and sign at the bedside. Unfortunately, a sudden cerebral event, such as an embolic stroke, due to paradoxical embolization can be the first indication of a pulmonary AVM. Thus, screening with a contrast echocardiogram is essential in any person suspected of having HHT. The interpretation, limitations, management, and follow-up are as described in the previous section.
Many patients with HHT develop intrahepatic vascular malformations. Fortunately, few of these lesions become symptomatic, 171 though depending upon the nature of the aberrant connections, some patients develop hepatic encephalopathy from reduced effective portal flow through the liver, whereas others develop high-output cardiac failure. 172 Embolization of hepatic vascular malformations is rarely an option because of the risk of fulminant hepatic infarction. If the consequences of liver involvement cannot be managed medically, transplantation is an option. 173 In mid-to late-adulthood, gastrointestinal hemorrhage becomes a more prevalent and important problem in HHT. Intestinal bleeding from mucosal telangiectases or larger AVMs can occur at any point, from the mouth to the anus, although lesions are most common in the stomach, duodenum, and jejunum. 174 If traditional upper and lower endoscopy cannot identify an important lesion, push-enteroscopy or capsule endoscopy can be attempted. Management by means of cautery can be effective, but is usually temporizing. Occasionally, when the transfusion requirement is exceptional, antifibrinolytics are necessary, but not always effective.
Pregnancy-related cardiovascular issues
Complications of pulmonary AVMs during pregnancy in women with HHT have been reported. Women may develop pulmonary hemorrhage, cardiac failure or profound dyspnea and cyanosis from increased shunting, or stroke. Any of these complications can pose a major risk to the fetus, but even more importantly constitute an emergency to the mother. With proper shielding of the gravid uterus, radiographic screening can be performed in a symptomatic pregnant woman, and any pulmonary AVM with a feeding artery Ͼ1 mm can be embolized. For the pregnant woman newly diagnosed with HHT and an unknown pulmonary circulation status, screening for pulmonary AVMs can be done by contrast echocardiography with minimal risk to the fetus. 175 Holt-Oram syndrome HOS is the most common of the "heart-hand syndromes," in which a CHD is associated with an upper limb deficiency. It is caused by mutations in the TBX5 gene on chromosome 12q24.1. Skeletal defects of the upper limb involve radial ray structures and may include hypoplasia or absence of the radius, absent thumb or triphalangeal fingerlike thumb, and anomalies of the scaphoid bone, humerus, and clavicle. The most common CHD found in HOS is secundum atrial septal defect. HOS is not associated with dysmorphic facial features, extensive visceral malformations, lower limb anomalies or cognitive deficiencies. 176 Most (ϳ85%) cases of HOS are the result of new mutations in the TBX5 gene. 177, 178 Although classic HOS is rare, the adult cardiologist, and even the general internist or family practitioner, may encounter patients with an atrial septal defect whose family history indicates cardiac and/or skeletal features that may be part of the phenotypic spectrum of HOS. Establishing the diagnosis of HOS is important both because of the implications of this diagnosis on cardiac management and the potential for inheritance in at risk family members. The clinician can rely on a combination of clinical diagnostic criteria and molecular testing in assessing those patients where HOS is a potential diagnosis.
Cardiovascular abnormalities during childhood
Cardiovascular involvement including CHDs and/or conduction defects occurs in approximately 75% of individuals with HOS. The most common CHDs are ostium secundum atrial septal defect and VSDs, usually involving the muscular trabeculated septum, which may also be associated with cardiac chamber isomerism. Heterotaxy has been observed, i.e., a woman with an atrial septal defect, left atrial isomerism, inferior vena cava interruption and bilateral superior vena cava, 179 and "mirror image" Eustachian valve. 180 Complex CHDs have been reported, including partial anomalous pulmonary venous return, but conotruncal malformations are uncommon in this syndrome. [181] [182] [183] The vast majority of CHDs associated with HOS can be diagnosed by echocardiography, and in some instances, their detection on prenatal ultrasound combined with a radial deficiency skeletal defect suggests the diagnosis of HOS. 184, 185 Surgical repair of the CHDs can take place in infancy or later in childhood depending on the clinical significance, and as long as pulmonary hypertension or ventricular failure have not developed. Transcatheter atrial septal defect repair may be an option in some cases. However, many small secundum-type atrial septal defects, and membranous or muscular VSDs have a natural history similar to the non-HOS defects, and close spontaneously. 186, 187 Sinus bradycardia and first-degree atrioventricular block (i.e., PR interval prolongation) have been observed in affected neonates. Therefore ECG evaluation is warranted. At least an annual ECG should be performed in all individuals to capture those with new onset conduction disease. Since atrioventricular block is progressive and can evolve to be high grade associated with syncope, annual 24-hour Holter monitoring in those with known conduction disease should accompany the annual ECG. [181] [182] [183] The ECG is usually not normal in HOS patients with a CHD, and the progression from first degree to more advanced heart block is highly variable.
Cardiovascular abnormalities during adulthood
Surgical repair of CHDs in adults with HOS needs to be assessed on a case-by-case basis. Repair of an atrial septal defect in an adult with HOS is determined using the same criteria as in a nonsyndromic individual. 3, 186 Because of the phenotypic variability of HOS, it is conceivable that an adult with the disorder could escape diagnosis until the birth of a more severely affected child or other relative. [181] [182] [183] A thorough cardiac assessment should be undertaken in any newly diagnosed individuals to assess for the presence of silent cardiac disease.
Adults with HOS need to be continually followed for the development of conduction disease, regardless of a known history of CHD or conduction disease. [181] [182] [183] There is great intraand interfamilial variability in progression of conduction block. Those individuals who progress to severe heart block may require a pacemaker. If complete heart block develops, it may be accompanied by atrial fibrillation, and therefore consideration should be given to the potential need for cardioversion, antiarrhythmic drug therapy, and/or anticoagulation.
Serial imaging and assessment of cardiac function is recommended in those with CHDs. Individuals with unrepaired large atrial and/or ventricular septal defects are at risk to develop Eisenmenger syndrome, similar to nonsyndromic individuals in the general population. Medication for pulmonary hypertension may be warranted in these individuals.
Pregnancy-related cardiovascular issues
Decreased fertility in affected men and women has not been reported in HOS. Published data on pregnancy outcome in affected women are essentially nonexistent, however in the experience of the Cardiovascular Genetics Center at Cornell University, numerous women with HOS have successfully carried pregnancies to term without complications. 189 Report of a pregnant woman with classic HOS who required a pacemaker to treat bradycardic junctional escape rhythm highlights the point that repair of a CHD (in this case, an atrial septal defect) does not prevent progression of conduction abnormalities. 190 Ultrasonographic prenatal diagnoses of HOS have been reported. However, the variable expressivity of HOS limits diagnostic specificity in fetuses with mild upper limb anomalies and small atrial septal defects and VSDs at 50% risk, and virtually precludes the ability to make a prenatal diagnosis of HOS in sporadic cases with mild upper limb involvement. 181, 182 Noonan syndrome
Noonan syndrome is a multiorgan disorder with autosomal dominant inheritance. Mutations in genes of the RAS-ERK signaling pathway, PTPN11, KRAS, SOS1 and most recently RAF1 have been found in approximately 50%, 191-193 Ͻ5%, 194 -196 10 -15%, 197-198 and 3-5% 199,200 of clinically diagnosed individuals with Noonan syndrome, respectively. Because of the existing genetic heterogeneity, and continued high percentage of mutation negative individuals, the discovery of additional genes in the future is likely. PTPN11 and RAF1 mutations also cause LEOPARD syndrome, which resembles Noonan syndrome, but has lentigines and deafness. 199, 201, 202 Noonan syndrome features include characteristic facial anomalies (hypertelorism, ptosis, bright irides, low-set ears), neck webbing due to a prominent trapezius muscle, chest deformity (pectus carinatum superior, excavatum inferior), short stature, undescended testes in the men, nevi, keloids, and cardiac abnormalities. [203] [204] [205] [206] [207] The face changes with time (Fig. 6) . 206 There can be lymphatic abnormalities, and a variety of bleeding problems including Factor XI deficiency, Von Willebrand disorder, platelet function defects and thrombocytopenia. 203 Although mental retardation is not common in Noonan syndrome, learning disabilities are frequent. 203, 204 
Cardiovascular abnormalities during childhood
The majority (Ͼ80%) of Noonan syndrome patients have some type of cardiac abnormality, typically pulmonary valve stenosis in infants and children. Other common CHDs include secundum-type atrial septal defect, branch pulmonary stenosis, VSD, tetralogy of Fallot and partial atrioventricular canal. Less common are aortic stenosis, subaortic stenosis, patent ductus arteriosus and coarctation. 203, [207] [208] [209] The presence of pulmonary stenosis with an atrial septal defect is most com- monly associated with PTPN11 mutations. 210 The characteristic electrocardiogram in Noonan syndrome shows left axis deviation or northwest axis and a dominant S wave over the precordial leads, even with minor or absent CHD.
Some children with pulmonary valvar stenosis have dysplastic leaflets resulting in severe right ventricular outflow tract obstruction. Balloon valvuloplasty may be successful in reducing the gradient in mildly dysplastic pulmonary valves, but surgical treatment (either valvotomy or valve leaflet excisions) may still be necessary. However, pulmonary valvar stenosis is usually mild to moderate, and requires only periodic reevaluation in most individuals with Noonan syndrome. Other CHDs such as atrial septal defect, branch pulmonary stenosis, VSD or left ventricular outflow defects are treated by surgery if indicated.
Hypertrophic cardiomyopathy occurs in 20 -30% of all children with Noonan syndrome, but in Ͻ10% of individuals with PTPN11 mutations. The recent discovery of RAF1 mutations as a cause of Noonan syndrome has provided new information about the causation of hypertrophic cardiomyopathy in this syndrome. 199 Mutations in two hotspots of the RAF1 gene were highly correlated with the presence of hypertrophic cardiomyopathy. Individuals with LEOPARD syndrome also have a higher incidence of hypertrophic cardiomyopathy (Ͼ50%). The clinical course of hypertrophic cardiomyopathy is variable because it may develop in later childhood and gradually increase in severity, remain stable over many years, or be rapidly progressive in infancy. 203, 211 Histopathologic studies demonstrate myocyte fiber disarray resembling nonsyndromic familial hypertrophic cardiomyopathy. Treatment is similar to that in familial hypertrophic cardiomyopathy including the use of beta blockers or surgery to reduce outflow tract obstruction. However, unlike classic familial hypertrophic cardiomyopathy, the right ventricle is often affected and hypertrophic cardiomyopathy may be accompanied by other cardiac defects especially pulmonary stenosis.
Cardiovascular abnormalities in adulthood
The phenotype of Noonan syndrome changes significantly over time. By adulthood, many individuals with milder features may blend into the normal population. It is not uncommon for a previously unrecognized mother with Noonan syndrome to be diagnosed after giving birth to an affected child. Even for those diagnosed in childhood, there is a scarcity of literature describing the cardiac status of adults with Noonan syndrome. In a recent review of 56 adults with Noonan syndrome, and cardiac outcome documented in 45, 93% of whom had a cardiac abnormality. 204 About half had pulmonary valvar stenosis and had undergone surgery or balloon valvuloplasty. Some adults had not had cardiac reevaluation in years. Potential problems for adults with pulmonary stenosis include severe pulmonary insufficiency, exercise intolerance, and right ventricular dysfunction. Appropriate follow-up is essential and may include pulmonary valve replacement. Three of the 45 adult patients had died of cardiac complications at 39, 48, and 49 years, respectively. 204 An additional two had been told they would need a heart transplant, one other had a defibrillator, and two had pacemakers. 31% had ongoing cardiac problems. A number of adult patients demonstrate tachyarrhythmias such as atrial fibrillation (personal patients, J.N.). Several adults have developed mild aortic insufficiency or mild dilatation of the aorta. One of the original nine patients described by Noonan and Ehmke developed aortic obstruction at age 38 years including valvar, subvalvar, and SVAS. 208 He had previously undergone a pulmonary valvotomy at age 6 years for severe pulmonary valvar stenosis.
A recent natural history study of 107 Noonan syndrome patients (mean age 25.3 years) found pulmonary stenosis (65%) and hypertrophic cardiomyopathy (19%) as the most common cardiac abnormalities. 213 Three of those with hypertrophic cardiomyopathy died from progressive heart failure. No cases of sudden death were documented. One patient underwent cardiac transplantation and one had surgical myomectomy. Individuals with hypertrophic cardiomyopathy have usually been given beta-blocker therapy or amiodarone. Studies assessing efficacy of beta-blockade have been infrequent and conflicting. 214, 215 Other adults have presented with marked right ventricular outflow tract obstruction due to subpulmonary or pulmonary valve stenosis. 216 -218 Balloon valvuloplasty has been successful in some adults leading to reduction in right ventricular pressure and alleviation of cardiac symptoms. 216 -218 One adult had balloon valvuloplasty and closure of a secundum atrial septal defect by a septal occluder device with resolution of symptoms. 217 Some adults with Noonan syndrome have had cardiac abnormalities other than structural CHDs or hypertrophic cardiomyopathy. Aortic root dilatation, aortic dissection, and giant aneurysms of the sinuses of Valsalva have been described in patients who were clinically diagnosed. 219 -221 and confirmed by PTPN11 mutation analysis. 222 The giant aneurysms in two male patients caused compression of the right or left coronary artery ostia. 220, 222 Surgical composite graft replacement was performed to remove the giant aneurysms and histological evaluation revealed deficiency of medial elastin and nonspecific myxoid degeneration. These findings show that some individuals with Noonan syndrome have a connective tissue disorder-like change in their aortas in adulthood, which lead to the suggestion that all adults with Noonan syndrome have periodic lifelong cardiac reevaluation.
Hypertrophic cardiomyopathy is the most common type of cardiomyopathy seen in adults with Noonan syndrome. Hypertrophic cardiomyopathy can progress in the adult with Noonan syndrome to right ventricular outflow tract obstruction due to septal hypertrophy, can be associated with severe pulmonary valve stenosis, or can evolve into a dilated form of cardiomyopathy. [223] [224] [225] [226] Restrictive cardiomyopathy and constrictive pericarditis have been rarely reported. 226 -228 Idiopathic pulmonary hypertension has been reported in two adults and one female teenager with Noonan syndrome. 229 -231 In the teenager, progression of the hypertension was relentless and she died awaiting heart lung transplantation. 231 
Pregnancy-related cardiovascular issues
Although pregnancy is successful in the majority of women with Noonan syndrome, the occurrence of polyhydramnios is relatively high and expert prenatal care is often needed. Women with mild pulmonary stenosis and no other cardiac abnormalities can have normal pregnancies. If unsuspected cardiac disease such as coarctation of the aorta is found, maternal hypertension and/or heart failure symptoms must be managed. 232 Hypertrophic cardiomyopathy in the mother does not preclude successful pregnancy. 233 Hydrops fetalis is uncommon and despite the fact that it signifies a serious problem in the fetus, successful subsequent pregnancy has been reported. 234 With the increasing use of fetal ultrasound, a transient cystic hygroma may be noted as common feature in the fetus with Noonan syndrome. Presumably, when a persistent nuchal hygroma is found in a pregnancy involving a mother or father with Noonan syndrome, it is likely, though not a certainty, that the fetus has inherited Noonan syndrome, because nuchal hygroma can be associated with many other conditions. Management of fetal hydrops is problematic, with early delivery a consideration for survival of the fetus. Fetal echocardiography should be considered for identification of fetal heart disease in the offspring of men or women with Noonan syndrome. If severe disease such as critical pulmonary stenosis or severe hypertrophic cardiomyopathy is found, appropriate plans can be made for care of the cardiac condition of the infant after birth.
Another maternal issue to consider with pregnancy, labor, and delivery is maternal clotting and bleeding disorders, frequently found in Noonan syndrome. If one of these is present, this can have a significant impact on choices of anesthesia and postpartum care. 235 Epidural anesthesia may not be the most appropriate choice due to the risk of epidural hematoma in women with platelet function abnormalities or factor deficiencies.
REPRODUCTION AND GENETIC COUNSELING
When a young adult with a syndrome and a cardiovascular abnormality is physically and emotionally mature, the primary caregiver or geneticist should begin the discussion about reproductive options. Apart from recurrence risk which apply to both men and women, several clinical issues relate to the impact of pregnancy on a mother's reproductive health and cardiovascular system. Pregnancy outcome data for Turner syndrome and Marfan syndrome are emerging, but prospective studies are lacking for most conditions.
Menarche in a woman with a CHD tends to occur at a slightly older age compared with population controls. 236 Contraception counseling should be offered under the supervision of the gynecologist and cardiologist. Individualized guidelines will be based on the underlying CHD, surgical interventions, and postoperative residua. 237 In general, women with residual shunts and/or obstruction, prosthetic valves, or pulmonary and/or systemic hypertension are advised against taking combined oral contraceptives (agents with low dose estrogen combined with varying doses of progestin) because of an increased risk for thromboembolitic events and fluid retention. 238 For those approaching menopause, special consideration to the risks and benefits of hormone replacement therapy should also be addressed.
Because pregnancy data are not available for many genetic syndromes, it may be useful to extrapolate from two large studies of general population (e.g., nonsyndromic) pregnant women with a cardiovascular abnormality. A prospective multicenter study of broadly defined "heart disease," 6 and a retrospective single center study of CHDs 7 noted maternal cardiac and neonatal complications in the range of 13-19%. Siu et al. 6 included 10 mothers with Marfan syndrome in their review of 599 pregnancies, but 22% of the total series had acquired heart disease. The more relevant study is that of Khairy et al. 7 who excluded Marfan syndrome, and identified one woman with Turner syndrome in their cohort of 90 pregnancies born to 53 women with a CHD (discussed previously in the section on Turner syndrome). The identification of CHDs in 7% of the live offspring in this series was significantly greater than the general population, but similar to other studies of children born to women with CHDs. 7 Adverse maternal complications included pulmonary edema and arrhythmia. Risk factors included previous history of heart failure, New York heart association functional class Ն2, decreased subpulmonary ventricular function and/or pulmonary regurgitation, and smoking. 7 Whether an individual with a syndrome and cardiovascular abnormality is able to become pregnant depends on the underlying condition and the impact of the heart disease. Genetic counseling should emphasize the risk of recurrence, potential variable expression in affected offspring, and effects of pregnancy on maternal and fetal health. 239 Like adults with a nonsyndromic CHD, they may require psychosocial support to deal with their own disease-related concerns and those of their potential offspring. 240 The use of prenatal folic acid which is advised for all pregnancies to prevent neural tube defects has not been studied in women with syndromes and a CHD; there is no a priori reason to assume it is contraindicated but there are also no data that demonstrate its efficacy.
Recurrence risk counseling depends on the underlying genetic etiology. Theoretically, an individual with a chromosomal disorder such as Turner syndrome or Down syndrome has an increased risk to have a child with an aneuploid condition as well. However, it is extremely difficult to estimate the exact recurrence risk because other factors contribute to fertility and pregnancy loss. Because most individuals with Turner syndrome are infertile, childbearing may occur with assisted reproductive technology using a donor egg. Some women with partial monosomy X or low-level mosaicism for 45,X may be able to conceive naturally. 15, 241 One series indicated that the risk for an abnormal pregnancy outcome in women with nonmosaic Turner syndrome could be as high as 50%, when taking into account miscarriage and stillbirth. 242 An earlier study had reported both on both fetal wastage (22/46) , and chromosome abnormalities among liveborns (8/26) , including 3 with trisomy 21. 243 Amniocentesis should be offered to women with Turner syndrome who conceive. Because most of the individAdults with syndromes and cardiovascular abnormality uals with Down syndrome do not have children of their own, this discussion is mostly theoretical.
The individual with a syndrome and cardiovascular abnormality and their partner should meet with a geneticist or genetic counselor, an experienced obstetrician/gynecologist, and, as needed, an infertility specialist, e.g., woman with Turner syndrome, man with Klinefelter syndrome. Establishing a genetic diagnosis in the individual is as important as defining the cardiovascular abnormality. 239 In addition to a high quality clinical genetic evaluation, genetic testing may be needed to confirm the specific syndrome and it should be performed in a Clinical Laboratory Improvement Amendments -approved clinical laboratory before conception whenever possible. If a gene mutation or chromosome abnormality cannot be identified in the affected individual, the individual may be informed that ongoing follow-up may provide the opportunity for genetic confirmation of the diagnosis in the future. In the meantime, specific prenatal diagnosis of the condition would not be possible. Genetic counseling should also include a discussion of possible maternal risk factors (reviewed by Botto et al.) 14 including maternal diseases such as diabetes, medications which are known teratogens, and exposures which are evolving risks. The most notable example is warfarin, a pregnancy category X medication, which may be given to someone with a mechanical valve or atrial fibrillation. Individuals who are treated with known teratogens must have a thorough discussion with their obstetrician and cardiologist whether there are appropriate pharmaceutical alternatives that are nonteratogenic and that can achieve the required effect during pregnancy.
Ideally the discussion between care providers and patients about reproduction and genetics, especially medication use, should occur preconception, given that teratogens can act early in human development. Likewise, prenatal testing options, their risks, benefits, and limitations should be discussed before conception or early in pregnancy with all at-risk couples. Noninvasive screening (i.e., high-level ultrasound, fetal echocardiography and first or second trimester maternal serum screening) can be routinely offered to all couples at risk for syndromic CHD regardless of the ability to offer genetic testing for the specific syndrome. 244 -247 Diagnostic prenatal testing (i.e., chorionic villi sampling or amniocentesis) can be offered to those couples where prenatal genetic testing for the known syndrome is available. Screening based advanced maternal age, and ethnicity for common conditions, such as Down syndrome, cystic fibrosis, and Tay-Sachs disease, should be made available in accordance with the guidelines of American College of Obstestricians and Gynecologists. 248, 249 The potential to offer preimplantation genetic diagnosis also exists when genetic testing is available for the syndrome of interest and the specific disease causing mutation or chromosome anomaly can be identified. This should not be viewed as the standard of care for all genetic diseases and syndromes, but a specific technology with ongoing promise. When the affected patient is female, discussion with her obstetrician, cardiologist, and a fertility specialist can determine whether her cardiovascular system can tolerate the hormonal stimulation required for preimplantation genetic diagnosis. 250, 251 For those individuals with decreased fertility associated with their specific genetic condition, other reproductive options may include sperm/egg donation, or adoption. Surrogacy may be an option for those women who are fertile, but who are counseled against a full term pregnancy and delivery, yet could withstand hormonal stimulation and oocyte retrieval. 251 Even when technically feasible, there are significant financial and psychosocial implications associated with these options which must be addressed as part of any couple's decisionmaking process. [253] [254] [255] 
TRANSITIONING FOR YOUNG ADULTS WITH SYNDROMES AND CARDIOVASCULAR ABNORMALITIES
Individuals with a cardiovascular abnormality as part of a syndrome require increased services to help in the transition from pediatric to adult care. Many have multiple chronic health conditions, including developmental disabilities. The American Academy of Pediatrics and American Academy of Family Physicians published a consensus statement on health care transitions for young adults with special health care needs. 256 They recommend identifying a specific health care professional to work with each adolescent and family to coordinate the transition, maintaining an up-to-date, accessible, portable medical summary and transition plan. Other articles have addressed the transfer of management from pediatric to adult careproviders in individuals with Turner syndrome, 15, 257 Williams syndrome 258 and Noonan syndrome. 206 Studies of the status of nonsyndromic adults with a CHD in the United States, 9, 259 Canada, 260 and Europe 261 demonstrate significant progress in creating a standard of care, especially with respect to the development of regional centers. Many young adults with a CHD still are not receiving appropriate care because of the lack of appropriately trained adult-level caregivers for CHDs, attachment of patients and families to pediatric caregivers, lack of patient and family understanding of the chronic nature of the illness, emotional issues of independence, risk-taking behaviors and desire for peer acceptance, lack of transition planning, and problems with continuity of health insurance. Interestingly, adolescents with a CHD rate their quality of life and health status favorably, 262,263 but usually do not recognize the probability of a shortened life expectancy. 264 More than 25% of adult patients with a CHD had no follow-up after age18 years. 9 This can be attributed to many factors including denial of disability status or need for services, the misperception that individuals with a CHD have been cured by surgery and no longer require specialist care, and lack of insurance or other resources. Overall, fewer than half of the patients with a CHD in Canada were judged to have made a successful transition from pediatric to adult cardiology. Some continued to be followed in pediatrics where they may not receive appropriate care for adult cardiac issues such as atherosclerosis. Many seemed unaware of the need or lacked the resources to obtain follow-up care by an adult cardiologist interested in CHDs. 9 Furthermore, two-thirds of adults with a CHD have experienced problems obtaining health insurance. 265 It is a reasonable extrapolation that if these problems exist for normally intelligent young adults with a CHD without a syndrome, they are presumably more severe for patients with multiple chronic conditions and disabilities who need more services, and often are less capable of understanding their own needs. The need for cardiology follow-up may seem less urgent than the need for guardianship for those with developmental disabilities. Adults with a genetic syndrome require more urgent health care visits than the general population 266 which may be due in part because the health care system is not meeting, and possibly not even recognizing all of their special health care needs. Individuals with complex health care needs often require help in establishing appropriate adult health care when transitioning out of the parents' home, especially if cognition is compromised. Medical conditions including a CHD may affect employability which in turn may limit insurance coverage. Many young adults may not be aware of the resources available and/or may not want to be labeled as having a "disability." For individuals age 18 -21, the federally mandated Children & Youth With Special Health Care Needs is a useful resource. Some young adults with disabilities may qualify for help from the Social Security Administration (federal), Department of Health and Family Services (county social services), Aging and Disability resource centers, Department of Vocational Rehabilitation, Independent Living Centers, and disease specific programs in some states. Many hospitals provide free care. Those who require expensive medications may be eligible for drug programs to nonpaying ("indigent," "charity") patients through pharmaceutical companies. Since many of these resources are not advertised and may not be very user friendly to young adults, most individuals with a CHD will require help from a caseworker to determine if they qualify for any type of assistance.
FUTURE DIRECTIONS
The strength of this review is the authorship by experts in their respective fields, referenced with both seminal papers and current literature, and enriched with anecdotal experience. However, much of the clinical care information was derived from consensus-based practice guidelines published from similar "expert" task forces. 15, 138 In the absence of evidence-based practice guidelines, it is necessary to approach each disorder by defining the scope of the problem, describing existing practices, and evaluating future needs. Ideally, each disorder, whether isolated or syndromic, would be the subject of a natural history study covering the entire lifespan which then would serve as a starting point from which therapy could be tested and clinical care practice guidelines could be derived. As a long term goal, physicians caring for individuals with a cardiovascular abnormality should work together to develop this type of natural history information and guidelines for clinical care. In the short term, the authors hope that this paper will serve to alert and encourage more health care providers to address the immediate needs of young people with a genetic syndromes and cardiovascular abnormality now making the transition to adulthood.
